backscatter was compared to oceanographic time series from a nearby data buoy to investigate the responses of animals in sound-scattering layers to oceanic variability at seasonal and sub-seasonal time scales. Pelagic animals, as measured by acoustic backscatter, moved higher in the water column and decreased in abundance during spring upwelling, attributed to avoidance of a shoaling oxycline and advection offshore. Seasonal changes were most evident in a non-migrating scattering layer near 500 m depth that disappeared in spring and reappeared in summer, building to a seasonal maximum in fall. At sub-seasonal time scales, similar responses were observed after individual upwelling events, though they were much weaker than the seasonal relationship. Correlations of acoustic backscatter with oceanographic vari- 
Acoustic Data

89
Animal density through the water column was estimated using a bottom- Ekman transport of water offshore, an estimate of wind-driven upwelling,
135
was calculated from wind measurements at M1 following Bakun (1973) . Off-
136
shore Ekman transport was estimated as M E = τ a /f , where τ a is the along- (Table 1) .
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SSH is the regression coefficient for sea-surface height at a 0-day lag, and φ (h) is the autoregressive coefficient at lag h (in days).
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540
The seasonal cycle of backscatter was negatively correlated and almost 541 exactly out of phase with that of upwelling. These changes were mostly 542 due to a deep, non-migrating scattering layer centered near 500 m depth, 543 which disappeared during the spring upwelling season and thickened to its 544 maximum during the fall and winter oceanic period.
545
Correlations between oceanography and the distribution of animals were 546 present at sub-seasonal time scales, though they were weaker than those ob- 
552
The upwelling signal then appeared to propagate down the water column at 553 rates similar to those measured for sinking marine aggregates. The strongest 554 physical-biological correlations at short time scales appeared to be driven by 555 passive aggregation of micronekton by fluid motion.
556
Variability in animal density influenced by physical processes is distributed 557 across a wide range of temporal scales. High-resolution, temporally-indexed 558 observations of animal density allow variability in animal densities to be mea-559 sured and compared to other biological and physical processes at temporal 560 scales not possible when sampled using mobile platforms. Ultimately, station-561 ary acoustic instruments could be used to augment fisheries and ecosystem 562 assessments by adding independent, temporal indices of population abun-Hamner, W. M., Madin, L. P., Alldredge, a. L., Gilmer, R. W., Hamner,
